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(54) RECOVERY OF METHACROLEIN AND/OR METHACRYLIC ACID, AND 
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PURPOSE: To obtain the titled substance without troubles of e.g. blockage with 
high-boiling by-products, by introducing the reaction gas obtained by the vapor- 
phase oxidation of isobutylene, etc. into a quenching tower through an inlet 
maintained at high temp, at a flow rate higher than a specific level, and making 
parallel flow contact with the condensed liquid of the reaction gas- 

CONSTITUTION: The reaction gas obtained by the vapor-phase oxidation of 
isobutylene. etc. is introduced through the pipes 1'. 2' into the quenching tower 
8', and quenched by the parallel flow contact with the condensed liquid cooled 
with the heat-exchanger 4' to obtain condensed liquid containing the titled 
substance and noncondensing gas. In the above procedure, the temp, of the inlet 
is maintained at ^200X: by the circular hot gas atmosphere sent through the 
hot gas introduction tube 3' and blasted from the hot gas nozzle 9'. and the 

pirirrn^ ^^^^ reaction gas at the inlet is maintained at ^lOm/sec. 

EFFECT: By maintaining the inlet at high temp, and keeping the flow rate of the 
reaction gas at high level, the deposition of high-boiling by-product near the inlet 
can be prevented, and the operation can be continued for a long period. The 
generation of scum during the extraction can also be reduced. 
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@ Acrylic acid recovery with recycle quench. 

(S) Improved recovery of acrylic acid from a gaseous reactor 
enluent produced from the catalytic vapor phase oxidation of 
propylene or acrolein is accomplished by first quenching the 
reactor effluent, thereby forming vapor and liquid streams, 
indirectly cooling the vapor stream to condense a second 
liquid stream, and passing said second liquid stream to the 
quench system as the quench liquid. 
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ACRYLIC ACID RECOVERY WITH 
RECYCLE QUENCH 

„ . : : BACKGROUND OF THE INVENTION 

Acrylic acid is produced by the catalytic vapor 
phase oxidation of propylene or acrolein with inolecular 
oxygen. Acrylic acid may be forme-d directly from acrolein 
using catalyst such as found in U.S- 3>736,35^ and 3,6^^,509. 
Acrylic acid may also be formed from propylene in a one or 
two-stage operation. Although directed to the production of 
esters, U.S. ^,060,5^5 discloses catalyst that are effective 
to convert propylene directly to acrylic acid or to convert 
propylene to acrolein which is then reacted to acrylic acid. 
The catalyst used in these processes are known as activated 
oxide complexes. 

The temperature of the reaction is typically 
between 300-600**C. The ratio of reactants may vary widely 
depending on whether propylene or acrolein is used as feed. 
Steam can be added to the reactor to increase selectivity of 
the catalyst. The reaction produces a gaseous reactor 
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effluent containing acrylic acid, acrolein, water and 
various impurities. These impurities consist of such 
components as acetic acid and inert gases. 

In order to effectively recover acrylic acid, it 
is first necessary to obtain the acrylic acid in an aqueous 
solution suitable -for- later- purification. The prior art has 
attempted this in a variety of ways. As described in the 
prior art section of U.S. 3,926,7^^1, the gaseous reactor 
effluent is first cooled by using a liquid which is obtained 
by recycling 'dMiVd'^oii^l^ueiit'snDfrt^^ condensate from this 
first stop as a quenching liquid. This process has several 
disadvantages . in that polymers deposit in the equipment, and 
the equipment size must be relatively large to handle both 
the quench liquid and the aqueous solution of acrylic acid. 

The above reference presents another solution to 
the formation of an aqueoais acrylic acid solution by utili- 
zing organic materials such as hexyl alcohol in the quench 
system to decrease the formation of polymers and aid in the 
separation of acrolein. 

U.S. 3,717,675 discloses a process wherein the 
reaction gas is first indirectly cooled to a temperature of 
100-200**C, and the pre-cooled gases are then scrubbed with 
water to a temperature between 30° and 90°C. This process 
suffers from the disadvantage of requiring an extremely 
large indirect heat exchanger to handle the total gaseous 
reactor effluent. 
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* . The present invention reduces the size of equip- 
ment involved, and improves the recovery of acrylic acid 
from the gaseous reactor effluent' by means of a unique 
quench recycle. 

SUMMARY OF THE INVENTION 
It has been discovered that the recovery of 
acrylic acid can be improved in the process for the recovery 
of acrylic acid from a gaseous reactor effluent containing 
acrylic acid, acrolein, water and impurities produced from 
the catalytic vapor phase oxidation of propylene or acrolein 
comprising the steps of : _/ ^ 

a) quenching the gaseous reactor effluent with a 
quench liquid wherein a first liquid stream containing 
acrylic acid and a first vapor stream containing acrylic 
acid are formed; 

b) indirectly cooling said first vapor stream to 
form a second liquid stream containing acrylic acid and a 
second vapor stream; 

c) passing said second liquid stream as the 
quench liquid of step (a). 

Within the scope of the invention are also in- 
cluded the steps of: 

d) passing the second vapor stream to a scrubber 
utilizing water, wherein a third vapor stream containing 
uncondensed gases is removed overhead and a third liquid 
stream is removed from the bottoms; and 
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e) combining said third liquid stream with said 
first vapor stream prior to the indirect cooling of step 
(b)., 

. This embodiment of the invention provides for the 
near total recovery of acrylic acid from the gaseous reactor 
effluent by combining the bo'ttom^ stream from the scrubber 
with the -first vapor stream produced from the quench system. 

^® Inventl on may -be -best unders t bod by ref erenc e 

to .thet.drawlngs.;:iiiq.T..^ . .._^-^;iv' ....a^-'i jjs ..-i--; ---- r^j ' 



DESCRIPTION OF THE DRAWINGS - 

Figure 1 shows the prior art method of obtaining 
an queous acrylic acid solution for further purification. 

Figure 2 shows an embodiment of the present 
invention utilizing the recycle quench. 

Figure 3 discloses a unique embodiment wherein all 
the steps" necessary to obtain the aqueous acrylic acid 
solution are performed in one column. 

Referring to Figure 1, the gaseous reactor efflu- 
ent 1 is passed to quench column 2. The purpose of this 
column is to cool the gaseous reactor effluent and condense 
the acrylic acid. Quenching liquid is provided through line 
^ and is sprayed countercurrent with the reactor effluent 
stream.. The condensed acrylic acid and water are removed , 
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from the quench column through line 6, Indirectly cooled in 
exchanger 8, and then split into two streams. A portion is 
passed through line H as quench liquid previously described, 
and an aqueous solution of acrylic acid is removed through 
line 10 and passed to further recovery and purification (not 
shown). The vapor stream 12 removed from the quench column 
overhead typic^ally contains acrylic acid, acrolein, inert 
gases and impurities. This is passed to an absorber 14. 
Water enters the absorber overhead through line 16 at a 
temperattire sufficient to absorb the acrolein and thus allow 
a liquid stream 18 containing acrolein to be removed from 
the bottoms of the absorber and passed to further purifi- 
cation. The inert gases are removed overhead from the 
absorber through line 20. As can be noted from this draw- 
ing, not all of the acrylic acid is recovered in the quench 
column. A portion is removed in the gaseous overhead 
stream and exits the system with the acrolein from the 
bottoms of the absorber. Further, the total stream of 
quench liquid plus the aqueous acrylic acid product is 
cooled through exchanger 8, resulting in large capital 
investment for exchanger 

Figure 2 shows an embodiment of -the present 
invention utilizing recycle quench. The reactor effluent is 
passed through line 32, combined with quenching liquid 3^4, 
and passed to quench separator 36. As shown in this figure, 
the quenching occurs with cocurrent contact prior to the 
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entry Into the separator. The quenching may also be counter- 
current within the separator as shovm in Figure 1. In the 
separator 36, the aqueous acrylic acid solution is removed 
as a bottoms stream through line 38, with the remaining 
vapors passing overhead through line ^0. These vapors are 
then cooled indirectly in heat exchanger U2. Prior to their 
entry into the heat exchanger, a recycle stream H^i can be 
combined with these' vapors. 

The vapors are then partially condensed in ex- 
changer *l 2 through the use of cooling water. The bottommost 
section ^6, of exchanger H2, serves as a separator. The 
condensed liquid containing acrylic acid is passed through 
line 3M as the quench liquid. The vapors are sent through 
line kQ' to scrubber 50. . 

The purpose of scrubber 50 is to remove the 

uncondensible gases and acrolein, and to recover any re- 
maining acrylic acid. Water is passed to scrubber 50 
through line 52. The inert gases containing some acrolein 
is removed overhead through line 5'!, and a liquid bottoms 
stream containing acrylic acid is removed through line U^l. 
This stream can either be combined with the vapors removed 
* from the quench system as shown by the solid line, or can be 
combined directly with the. quench liquid in 3^ as shown 
by the dotted line a. 
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Figure 3 shows an embodiment of the invention 
wherein all the processing steps are combined in one coliiinn. 
The reactor effluent is sent through line 60 to the bottom- 
most portion of the column 62. Above section 62 is the 
5 adiabatic section 6^. Liquid falling from the cooling 
section above cools the reactor effluent thus condensing 
acrylic acid. In cooling section *66, liquid is removed from 
a side tray through line 68, This liquid is cooled in 
exchanger 70 and is recycled back to the cooling section 
10 through line 72 and sprayed counter current with the up- 
flowing gases. This produces the liquid necessary for 
recycle and for quench. 

The remaining uncondensed gases then pass through 
absorption section 7M. Water enters the top of this section 
.15 through line 76 and operates in the same manner as the 
absorber shown in Figure 2. The uncondensed gases with 
acrolein are removed overhead through line 78, and the 
condensed liquid falls into cooling section 66 with the 
condensed acrylic acid cascading down the tower. Finally, 
20 the aqueous solution of acrylic acid is removed through line 
80 and passed to further recovery and purification. 

The use of such a quench alloi^JS for excellent 
recovery of acrylic acid, improves the elimination of low 
boiling reaction products, and has no need for refrigeration 
25 as found in the prior art. The cooling of the reactor 

effluent to condense acrylic acid is accomplished by evapo- 
ration of the quench liquid. The reactor effluent thus drops 
in temperature to its saturation temperature at its operat- 
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ing pressure. The operating temperatures and pressures vary 
depending on whether propylene or acrolein is used as a 
feed. The pressure of such systems are well known in the 
art and usually between 2 and 10 psig while the reactor 
5 - effluent temperature-is usua-lly' between- 300. and. SOO^C . The 
; adiabatic quench usually operates at tempearatures above 

; - r/ -. The -quenching' of . the : reactor effluent may be , 

■ - • • •• ■• • .• ■« 

10 f erred.. As shown In Figure .2, quenching may take place in an 

expanded portion of the reactor effluent line prior to its 

entry into the quench separator. The quench is sprayed co- 

. .. currently with the flow of the gases. However, quenching 

may also be provided count ercurrently with spray nozzles at 

15. the top of the quench separator as known in the prior art. 

The gases from the quench separator are then 
indirectly cooled in a shell and tube heat exchanger. 
Typically cooling water is used as a cooling medium. 
Because of the adiabatic nattire of the quench, no refrig- 

20 eration is- necessary for the operation of this process. No 
refrigeration is required because a scrubber is used to 
enhance achylic acid recovery. Other processes, known in 
the art' use a refrigerated quench section to improve recovery 

efficiency. 
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The indirect cooling achieves partial condensation 
of the remaining gaseous stream. The liquid resulting from 
this condensation, at a temperature of approximately kO^C 
(again depending upon the pressure) is then used as the 
quench liquid described previously. By obtaining the quench 
liquid in this manner^ polymerization is greatly reduced as 
is the need for external cooling. 

The vapors resulting from the indirect cooling can 

then be passed to a gas scrubber. The purpose of this 

scrubber is to remove uncondenslble gases and acrolein from 

the remaining acrylic acid and water. Water is fed to the 

scrubber at a water/feed ratio of between 0.05 and 0.15 by 

wt. with 0.075 being preferred. The operating temperature . 

of this water is approximately hOFC but can range between 
32**C and iJ5''C. At ^O^C^.no external refrigeration is 

necessary. The niomber of trays found in the scrubber will 
of course be a function of the feed composition and the 
amoxint and temperature of the water used to scrub. Typical- 
ly this column consists of about 15 trays, with the feed 
entering below the first tray. Acrylic acid and water are 
recovered in the bottoms of the scrubber. 

For total recovery purposes, this stream can be 
recycled to one of two locations. It can be combined with 
the vapors from the quench system prior to indirect cooling, 
or it can be combined directly with the quench liquid 
recovered from the indirect cooling that is sent to. the 
quench system. Thus excellent recovery of acrylic acid can 
be obtained through using the present invention. 
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The aqueous acrylic acid solution recovered from 
the present invention Is jpassed to further recovery and 
purification. Such purification is known in the art and can 
be found in U.S. 3,830,707, U.S. 3,859,175 and U.S, 3,^33,831 
These patents disclose various processes such as extraction 
or entrainment with various solvents to separate acrylic 



EXAMPLE 



. A gaseous .reactor .effluent^^^ . 

10 vapor phase oxidation of proyplene, and containing 50? 

acrylic acid with the remainder being acetic acid, acrolein, 
water, and gases such as nitrogen and carbon dioxide, were 
passed to the invention's quench system. The quench system 
consisted of a 12' long quench column containing 5 spray 

15 nozzles for cocurrent quenching and having a quench pot 
located at the bottoms of the column for separating the 
vapor from the liquid phase. Reactor effluent entered the 
quench column at a temperature of 200^ C. All liquid recov- 
ered from the indirect heat exchanger, containing approx- 

20 imately 38% acrylic acid, was passed to the quench coltunn 
spray nozzles. 

After quenching, the liquid was separated from the 
vapors. The aqueous solution removed from the separator 
contained on the average, 60 wt.% acrylic acid. The quench 

25 column vapors at a temperature of 79^C were then passed to 
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an 8" vertical shell and tube heat exchanger with a spray 
section .above it and a separation pot below. To simulate a 
S-cycle bottoms stream, water containing acrylic acid was 
passed *to the spray section prior to the indirect heat 

exchange. 

Cooling v/ater was used on the shell side of the 
exchanger tc cool the gases to a temperature of MO°C-. The 
: phases were then separated, with the quench liquid contain- 
Ting- approximately 38? acrylic acid and the gases containing 
.approximately .1 to 2% acrylic acid . 

Without the operation of a scrubber to recover the 
remaining acrylic acid, the invention's quench system with 
the indirect exchanger allows for an 88% recovery efficiency 
of acrylic acid. The addition of a scrubber column will 
allow near complete recovery to be accomplished. 
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I CLAIM: 

1. In the process for the recovery of acrylic 
acid from a gaseous reactor effluent containing acrylic 
acid, acrolein, water and impurities produced from the 
catalytic vapor phase oxidation of propylene or acrolein - 
comprising the steps of: 

a) quenching the gaseous reafitor effluent 
with a quench liquid wherein a first liquid 

~ stream containing acrylic aicld and a firsts . 

or.. 

vapor stream containing acrylic acid are 
formed; ... 

b) indirectly cooling said first vapor stream to 
form a second liquid stream containing 
acrylic acid and a second vapor stream and 

c) passing said second liquid stream as the 
quench liquid of step (a). 

2. The process of claim 1 wherein the quenching 
of the gaseous reactor effluent is accomplished co-current ly. 

3. The process of claim 1 wherein the reactor 
effluent is quenched to a temperature of between 70 and 
90°C. 

14. The process of claim 1 wherein the feed is 

propylene . 

5. The process of claim 1 including the additional 

steps of: 
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d) passing said second vapor stream to a scrubber 

~- . : :: V • . Utilizing water, wherein a third vapor stream 

• containing uncondensed gases Is removed 

.. ... J ; . overhead and a third liquid stream containing 

acrylic acid is removed from the bottoms. 

"■•itrc •■ • ■ •- .■ - • 

.6- The process of claim 5 wherein the water/feed 

ratio of the scrubber is between 0.05 and 0.10. 

- ;r .7* , The process of claim 6 .wherein the scrubber 
.contains, between 10 to about 20 absorption trays. 

8. The process of claim 5 including the step of 
combining said third liquid stream with said first vapor 
stream prior to the indirect cooling of step (b). 

9. The process of claim 5 including the step of 
combining said third liquid stream with said second liquid 
stream of step (b) and passing the combined streams as the 
quench liquid of step (a). 

10. In the process for the recovery of acrylic 
acid from a gaseous reactor effluent containing acrylic 
acid, acrolein, water and impurities produced from the 
catalytic vapor phase oxidation of propylene or acrolein in 
a single column having a quenching, cooling and absorbing 
section, comprising the steps of: 

a) quenching the reactot effluent with a 

quench liquid from the cooling section; 
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ddrectly cooling said quenched reactor 
effluent with a cooling medium to condense a 
portion of said effluent, 

indirectly cooling said condensed effluent 

prior to the direct cooling; 

absorbing the acrylic acid In an absorbing 

section by contacting the quenched, cooled 

reactor effluent with water; 

removing an aqueous solution containing 

acrylic acid from 'the bottpms of said column. 
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